ABSTRACT The effect of including hydrolyzed porcine mucosa sprayed into soybean meal (HPM) in the diet was studied in broilers. In experiment 1 (pen study), 1,080 one-day-old chicks were used in a completely randomized design with 8 treatments arranged as a 4 × 2 factorial with 4 levels of HPM (0, 2.5, 5.0, and 7.5%) and 2 levels of Lys (1.23 and 1.38%). From d 1 to 22, HPM inclusion quadratically improved BW gain (BWG, P < 0.01) and feed conversion ratio (FCR, P < 0.01). From d 1 to 8, birds fed 1.38% Lys had higher BWG (P < 0.05) and better FCR (P < 0.05) than birds fed 1.23% Lys but only a trend (P < 0.08) for improved BWG was detected from d 1 to 22. From d 22 to 37, a period in which all birds received a common finisher diet, growth performance was not affected by the previous starter diet. In experiment 2 (battery study), birds were fed for 37 d the same diets used in the starter period of experiment 1. Broilers fed HPM had higher BWG (linear, P < 0.05; Quadratic, P < 0.05) than birds fed control diet, and birds fed 1.38% Lys had higher BWG (P < 0.01) than birds fed 1.23% Lys. From d 1 to 22, BWG (P < 0.05) and ADFI (P < 0.01) increased quadratically and FCR improved linearly (P < 0.05) with HPM inclusion. Also in this period, BWG was higher at the higher Lys level (P < 0.01). Diet did not affect intestinal histomorphology of broilers on d 8 or nutrient retention on d 22. We conclude that the inclusion of 2.5 to 5% HPM in the diet improved growth performance of broilers from d 1 to 22. An increase in Lys from 1.23 to 1.38% improved growth performance up to 15 d of age, but not thereafter. Diet did not affect villus histomorphology or nutrient retention of the small intestine.
INTRODUCTION
Hydrolyzed porcine mucosa results from the enzymatic hydrolysis of clean digestive mucosal tissue from pigs, after heparin extraction. The hydrolyzed mucosa is sprayed into high protein soybean meal (SBM) and included in diets for weanling pigs as a substitute for animal plasma, fish meal, and other high quality protein sources (Bregendahl and Zimmerman, 2001; Corassa et al., 2007) . Solà-Oriol et al. (2010) reported higher BW gain (BWG) and improved feed conversion ratio (FCR) in weanling pigs fed 5% hydrolyzed porcine mucosa sprayed into SBM (HPM) than in weanling pigs fed 3.82% fish meal or 3.32% potato protein. Martínez-Puig et al. (2007) and Solà-Oriol et al. (2011) attributed the improvement observed to the high palatability of HPM. However, the authors have not found any full report on the effect of inclusion of HPM on growth performance, small intestine mucosa morphology, and nutrient retention in broilers.
Lysine is used as the amino acid (AA) of reference for the ideal protein in the formulation of broiler diets (Baker et al., 2002) . Lysine requirements are affected by numerous factors, including growth potential of the birds, management and health status, and ingredient composition of the diet (García et al., 2006; Dozier et al., 2009) . For example, the requirement for total Lys and other indispensable AA might be lower when the diets are based on high quality ingredients than when based on low quality ingredients (de Coca-Sinova et al., 2010) . The objective of this research was to study the effects of HPM inclusion in diets with 2 different levels of Lys, on growth performance, nutrient retention, and histomorphology of the small intestine in broilers.
HPM
The product tested (Palbio 50 RD, Bioibérica, S. A., Barcelona, Spain) is a coproduct of the heparin industry obtained from clean endothelial and mucosal digestive tissues of pigs free of digesta content. The fresh tissues are washed with hot water before heparin extraction, and then the mucosa is digested, solubilized, and sterilized via an enzymatic process under controlled conditions of time, temperature, and pH. The hydrolyzed mucosa is sprayed into high protein SBM at an approximate proportion of 30% to facilitate the handling. Then, the commercial product is dried using a fluid bed system that prevents structural damages of the protein fraction. The calculated AME n (3,050 kcal/kg) and the total tract digestibility of the key indispensable AA of the HPM used for the formulation of the diets were those indicated by the Fundación Española Desarrollo Nutrición Animal (2010).
Experiment 1. Bird Management, Husbandry, and Experimental Design
In total, 1,080 one-day-old straight-run broiler chicks (Ross 308) with an initial BW of 40.7 ± 2.7 g were obtained from a commercial hatchery and used in this experiment. At arrival to the experimental station, the birds were allocated in a windowless, environmentally controlled room and randomly housed in groups of 30 in 40 floor pens. Each pen (1.5 m × 1.0 m) was equipped with a bell drinker and a hopper feeder, and wood shavings were used for bedding. Room temperature was maintained at 33°C during the first 3 d of life and then was reduced gradually according to age until reaching 24°C at d 21. Chicks received 23 h light/d during the first 7 d of life and then 18 h light/d until the end of the experiment. Chicks had free access to feed and water throughout the trial. There were 8 experimental diets arranged as 4 × 2 factorial with 4 levels of HPM inclusion (0, 2.5, 5.0, and 7.5%) and 2 levels of Lys (1.23 and 1.38%). Each treatment was replicated 5 times, and the experimental unit was a pen with 30 chicks. At d 22, after the growth performance control, the number of birds per pen was reduced to 15 to fit the European legislation on rearing density of broilers (Boletín Oficial del Estado, 2010) .
Experimental Diets
Broilers were fed their respective experimental starter diets in crumble form from d 1 to 22. Within the 2 sets of diets (1.23 and 1.38% Lys), 2 summit diets (0 and 7.5% HPM) with similar nutrient content were formulated (Fundación Española Desarrollo Nutrición Animal, 2010) and the intermediate diets (2.5 and 5.0% HPM) were prepared by judicious mixing of the 2 extreme diets in adequate proportions. All diets met or exceeded the nutritional requirements for broilers (Fundación Española Desarrollo Nutrición Animal, 2008) . Celite (2%), an acid-washed diatomaceous earth (Celite Hispánica S.A., Alicante, Spain), was added to the diets to increase the acid insoluble ash content. From d 22 to 37, all broilers were fed a standard common 3.5 mm pelleted diet without any HPM.
Growth Performance and Litter Quality
Body weight of the birds and feed consumption were determined by pen on d 1, 8, 15, 22, 31, and 37, and mortality was recorded and weighed as produced. From these data, BWG, ADFI, and FCR were determined by week and for the entire experimental period. Litter quality was scored visually on d 15 and 22 d by 3 observers blind to treatment, and the means of the 3 values per each of the 2 periods were used for statistical analysis. The scale used varied from 1 to 5, with a score of 1 indicating no caking and extremely dry litter and a score of 5 indicating heavy caking and extremely wet litter (Weaver and Meijerhof, 1991) .
Laboratory Analyses
Representative samples of HPM and diets were ground in a laboratory rotor mill (model ZM 200, Retsch GmbH, Haan, Germany) provided with a 1.0-mm screen and analyzed for moisture by oven-drying (method 930.15), nitrogen by combustion (method 990.03) using a Leco equipment (model FP-528, Leco Corporation, St. Joseph, MI), and total ash by using a muffle furnace (method 942.05) as described by AOAC International (2000). Crude protein content was calculated as N × 6.25. Ether extract was determined by Soxhlet fat analysis after 3 N HCl acid hydrolysis (method 4.b), as described by Boletín Oficial del Estado (1995) . Crude fiber was determined by sequential extraction with diluted acid and alkali (method 962.09; AOAC International, 2000) and NDF as described by Van Soest et al. (1991) International (2000) . The AA contents of HPM and diets were determined by ion-exchange chromatography (Hewlett-Packard 1100, Waldbronn, Germany) after acid hydrolysis as described by de Coca-Sinova et al. (2008) . For Cys determination, separate samples were oxidized with performic acid before hydrolysis and measured as cysteic acid. Tryptophan was determined after alkaline hydrolysis at 110°C for 20 h.
The molecular weight (MW) of the hydrolyzed porcine mucosa, before being sprayed into the SBM, was determined by HPLC-gel (TSK gel 3000 PX L, 7.8 × 300 mm) filtration chromatography as indicated by Kotzamanis et al. (2007) . Briefly, the MW was estimated in relation to the retention time of the following standards (Sigma-Aldrich, Hannover, Germany): glycine (75 Da), thyrotropin releasing hormone (362 Da), oxytocin (1,007 Da), bombesine (1,620 Da), aprotinin (6,500 Da), cytochrome C (12,400 Da), and carbonic anhydrase (29,000 Da). Peak identification and integration was performed by chromatography (Empower 2, Waters, Milford, MA). The geometric mean diameter of the HPM was determined in 100-g samples using a Retsch shaker (Retsch, Stuttgart, Germany) provided with 8 sieves ranging in mesh from 5,000 to 40 µm, according to the methodology outlined by the ASAE (1995). All laboratory analyses were conducted in triplicate except for AA that were analyzed in duplicate.
Statistical Analyses
Data were analyzed as a completely randomized design with 8 treatments arranged as a 4 × 2 factorial, and the main effects (HPM inclusion level and Lys content) and the interaction were evaluated using the GLM procedure of SAS (SAS Institute, 1990) . Normal distribution of the residual was tested by the UNIVARIATE procedure and variance homogeneity of the residues by the Levene's test. When the model was significant, the Tukey's test was used to make pairwise comparisons between treatment means. In addition, for the level of inclusion of HPM in the diet, treatment sums of squares were partitioned into linear (L) and quadratic (Q) effects. Results in tables are reported as means and differences among treatments were considered significant at P < 0.05.
Experiment 2. Bird Management, Husbandry, and Experimental Design
In total, 280 one-day-old straight-run broiler chicks (Ross 308 ) with a BW of 40.5 ± 2.8 g were obtained from a commercial hatchery and used in this experiment. At arrival at the experimental station, the birds were allocated in a windowless, environmentally controlled room, wing banded, and randomly housed in groups of 7 in battery cages (1.0 m × 0.9 m; Alternative Design, Siloam Springs, AR). All cages had an equal proportion of males and females (3:4). The cages had wire flooring (0.5 cm × 0.5 cm) and were equipped with 2 nipples drinkers and 1 open trough feeder. The experiment lasted 37 d, and the diets were the same than those used in experiment 1 from d 1 to 22. The reason for using the starter feeds for 37 d was to test if the positive effects observed in experiment 1 in chicks fed HPM from d 1 to 22 were maintained when fed for longer periods. Each treatment was replicated 5 times, and the experimental unit was the cage for all traits. All other management and husbandry practices were similar to those indicated for experiment 1.
Growth Performance, Excreta DM, and Total Tract Apparent Retention of Nutrients
Body weight of the birds and feed consumption were determined by cage on d 8, 15, 22, and 37. Mortality was recorded and weighed as produced. From these data, BWG, ADFI, and FCR were determined by period and for the entire experiment. On d 9, 13, 19, and 22, clean pans were placed underneath the cages and the excreta produced for the next 3 h was collected and immediately oven-dried (103°C for 48 h) for determination of the DM content. On d 20 to 22, representative samples of the excreta produced were collected daily by replicate, mixed, homogenized, dried in oven (60°C for 72 h), ground with a rotor mill (model ZM 200, Retsch GmbH, Haan, Germany) fitted with a 1.0-mm screen, and stored in airtight plastic containers at room temperature until further chemical analyses. The total tract apparent retention (TTAR) of DM, OM, GE, and CP of the diets were determined as indicated by de Coca-Sinova et al. (2010) .
Tissue Preparation and Intestinal Histomorphological Measurements
On d 8, after the growth performance control, 2 birds per replicate were slaughtered by CO 2 inhalation and the digestive tract was aseptically removed and used for intestinal tissue sampling. Intestinal segments (3 cm long) from the medium portion of the jejunum (from the end of duodenum loop to vitelline Meckel's diverticulum) and the ileum (from the vitelline Meckel's diverticulum to 4 cm above the ileo-cecal junction) were excised and immediately fixed in 10% buffered formalin for 72 h. The samples were then gradually dehydrated by immersion in a series of solutions with increased ethanol content (50, 95, and 100%). The tissues were embedded in paraffin wax using a Histomatic Tissue Processor (model 166 MP, Fisher Scientific, Pittsburgh, PA) and processed to obtain serial sections (5 µm) using a rotary microtome (model RM 2255, Leica, Wetzlar, Germany). The jejunum and ileum samples were placed on glass slides and stained with hematoxylin and eosin to assess mucosal morphology according to the procedure of the Armed Forces Institute of Pathology (1968) . Slides were viewed at 40× magnification using an Olympus BX-40 light microscope. Images were digitally captured for later measurements using the Soft software version 3.2 C4040Z (Soft Imagining System, Olympus GmbH, Hamburg, Germany). Morphometric indices for each slide were determined using computeraided light microscope image analysis as described by Hampson (1986) . The studies on the epithelium morphology of ileum and jejunum consisted in the measurement of villus height (VH), defined as the length from the base of the intestinal mucosa to the tip of the villus, and crypt depth (CD), defined as the length of the invagination between 2 adjacent villi, and the VH to CD ratio was calculated from these data. All measurements were the average of 30 villi and crypts taken at random from at least 3 sections for each intestinal segment.
Laboratory and Statistical Analyses
Excreta were analyzed for DM, CP, total ash, and GE according to the procedures described previously for the diets in experiment 1. The acid insoluble ash content of diets and excreta was analyzed as indicated by de Coca-Sinova et al. (2011) , and the values were used for the determination of TTAR of the dietary components.
Data from this experiment were analyzed as indicated previously for data of experiment 1.
RESULTS
The nutritional characteristics and composition of the HPM used in the 2 experiments are presented in Table 1 . The HPM contained 53.1% CP and was particularly rich in Arg (3.72%), Leu (4.06%), and Lys (3.28%). Ash content was 12.1%, mostly because of the high K (2.00%), Na (1.98%), and S (1.68%) contents. The average MW of the hydrolyzed mucosa before being sprayed into a SBM was 530 Da. The percentages of molecules with a MW higher than 1,000 Da and lower than 300 Da were 17 and 53%, respectively (data not shown), reflecting that after the hydrolysis applied during the heparin extraction process, most of the AA were present as small peptides or in free form. The geometric mean diameter of the HPM (after spraying the hydrolyzed mucosa into SBM) was 312 ± 2.56 µm. The ingredient composition and the calculated and determined nutrient content of the experimental diets are shown in Tables 2 and 3 , respectively. The determined values for major constituents of the diets were close to expected values, indicating that the ingredients were mixed correctly. No significant interactions between main effects were observed for any of the variables studied in any of the 2 experiments, and therefore, only main effects are presented.
Experiment 1
Mortality was 3.5% and was not related to treatment. Most of the mortality (2.5%) occurred during the first 7 d of life. The inclusion of HPM in the diet affected growth performance of the birds in different ways, depending on the period considered. Dietary HPM improved ADFI (L, P = 0.06; Q, P < 0.05), BWG (Q, P < 0.01), and FCR (L, P < 0.001; Q, P < 0.01) from d 1 to 8 and ADFI (Q, P < 0.05), BWG (Q, P < 0.01), and FCR (L, P < 0.01) from d 8 to 15 (Table 4) . From d 15 to 22, broilers fed HPM tended to have higher BWG (Q, P = 0.09) and better FCR (L, P < 0.05; Q, P = 0.06) than broilers fed the control diet. Consequently, from d 1 to 22 an increase in dietary HPM increased BWG (Q, P < 0.01) and ADFI (Q, P = 0.06) and improved FCR (L, P < 0.001; Q, P < 0.001). From d 22 to 37, birds previously fed the HPM containing diets tended to have higher ADFI (Q, P = 0.06) than birds fed the control diet, but BWG and FCR were not affected (Table 5) .
From d 1 to 8, birds fed 1.38% Lys had higher BWG (P < 0.05) and better FCR (P < 0.05) than birds fed 1.23% Lys. Also, from d 8 to 15, BWG tended to be higher (P = 0.06) in birds fed 1.38% Lys than in birds fed 1.23% Lys but FCR was not affected. Lysine content of the diet did not affect growth performance from d 15 to 22 (Table 4) . Consequently, an increase in dietary Lys tended to improve BWG (P = 0.09) from d 1 to 22 but did not affect FCR. From d 22 to 37, the Lys content of the previous starter diet did not affect BWG or FCR of the broilers (Table 5) . On d 15, litter quality tended (P = 0.06) to improve with HPM inclusion, but no effects were detected on d 22 (Table 6 ). Dietary Lys did not affect litter quality.
Experiment 2
Mortality was 2.0% and was not related to treatment. Most of the mortality (1.5%) occurred during the first 7 d of life. From d 1 to 22, an increase in the level of HPM of the diet increased BWG (Q, P < 0.01) and ADFI (Q, P < 0.01) and improved FCR (L, P < 0.05; Table 7 ). From d 22 to 37, HPM inclusion tended to improve BWG (L, P = 0.09) and increased ADFI (Q, P < 0.05). As a result, HPM inclusion increased BWG (L and Q, P < 0.05) and ADFI (Q, P < 0.01) from d 1 to 37, but no effects on FCR were detected. Also, for the entire experimental period, broilers fed 1.38% Lys had higher BWG (P < 0.01) and ADFI (P < 0.01) than broilers fed 1.23% Lys, but FCR was not affected.
The average moisture content of the excreta measured on d 9, 13, 19, and 22 was 80.0, 79.0, 78.9, and 78.2%, respectively, and was not affected by treatment (Table 6 ). Diet did not affect the TTAR of major nutrients or the AME n content of the diets (Table 8) . On d 8, intestinal mucosa morphology of the jejunum and ileum, including VH, CD, and VH to CD ratio, were not affected by diet, except for the CD of the jejunum that tended to be higher (P = 0.06) in broilers fed 1.23% Lys than in broiler fed 1.38% Lys (Table 9) .
DISCUSSION

Growth Performance (Experiments 1 and 2)
The inclusion of hydrolyzed animal proteins in the diet has been shown to improve growth performance in fish (Aksnes et al., 2006; Kotzamanis et al., 2007) and in young pigs (Lindemann et al., 2000; Solà-Oriol et al., 2010) . Solà-Oriol et al. (2010) reported better feed efficiency in weanling pigs fed 5% HPM than in weanling pigs fed equivalent amounts of protein from fermented SBM or fish meal. In the current research, HPM inclusion increased growth performance of broilers during the starter period (1 to 22 d of age) in both experiments, with effects being more pronounced during the first 14 d of life. Frikha et al. (2011) reported also that the inclusion of 2.5% HPM in the diet improved FCR and BWG of broilers, with most of the benefits observed during the first 7 d of life. Similarly, Koehler et al. (1998) observed that pigs fed 2.5% of a hydrolyzed porcine intestine product tended to have higher BWG and ADFI than pigs fed the control diet during the first 14 d after weaning. On the other hand, Bregendahl et al. (1998) reported that ADFI and BWG were lower in pigs fed diets with 5% of a hydrolyzed porcine intestinal product than in pigs fed diets with 5% spray-dried plasma during the first 14 d after weaning.
In the current research, broiler performance from 1 to 21 d of age was maximized when 2.5 to 5% HPM was included in the diet, but 7.5% HPM inclusion reduced BWG in both experiments, although performance was still above that of the control birds. The reason for the decrease in BWG observed at the higher level of HPM inclusion is not known, but the data are consistent with the reduction in ADFI observed. The HPM used in the current research contained 1.68% S, and an excess of inorganic S might affect ADFI of the birds (Gonzalez et al., 1993) . Summers et al. (1992) reported that the inclusion of 0.4% S from sulfuric acid in a SBM diet reduced ADFI and BWG of broilers at 21 and 42 d of age, suggesting that feed palatability played an important role in the reduction of growth performance observed. In contrast, Green et al. (2011) observed that the inclusion of up to 0.8% S from different sources in the diet did not reduce growth performance of broilers from 4 to 18 d of age. In the current research, the diets that included 7.5% HPM contained 0.38% S, a level that probably could not justify the reduction in feed intake observed. Also, the Arg:Lys ratio of the low and high Table 5� Effect of inclusion of hydrolyzed porcine mucosa sprayed into soybean meal (HPM) and Lys content of the diet on growth performance of broilers from 1 to 37 d of age (experiment 1; floor pen study) Lys starter diets decreased from 108 and 103% in the control diet without HPM inclusion to 106 and 101% in the diet with 7.5% HPM inclusion, respectively. The recommended Arg:Lys ratio of the diets to maximize growth performance of broilers is a subject of debate (Brake et al., 1998; Labadan et al., 2001; Atencio et al., 2004 ) with values ranging from 96 to 115% (Austic, 1994; Corzo and Kidd, 2003; Campos et al., 2012; Ross, 2012) . Consequently, the lower Arg:Lys ratio of the high HPM containing diets might also be responsible for the reduction in ADFI and FCR observed with increased levels of HPM in the diet. The beneficial effects of increasing the Lys level of the diet on BWG were more pronounced in experiment 2 (battery trial) than in experiment 1 (floor pen trial). In experiment 1, dietary Lys improved FCR from d 1 to 8 and BWG from d 1 to 15, but no effects were detected after this age. In experiment 2, birds fed 1.38% Lys have higher BWG and ADFI from d 1 to 37 than birds fed 1.23% Lys, but FCR was not improved. These results agree with data of de Coca-Sinova et al. (2010) who reported that an increase in Lys content of the diet from 1.16 to 1.37% improved BWG and FCR in broilers from 1 to 10 d of age but not thereafter. Kidd and Fancher (2001) reported that an increase in the Lys content of the diet from 0.88 to 1.21% improved broiler performance from 1 to 19 d of age, but no further effects were observed with further increase (1.43%) of Lys. Labadan et al. (2001) reported that the Lys requirement from 1 to 14 d of age was 20% above NRC (1994) recommendations (1.3 vs. 1.1%). Modern fastgrowing broiler strains require more Lys (and other indispensable AA) for optimum growth than previously recommended. de Coca-Sinova et al. (2010) reported that current commercial broiler strains require at least 30% more Lys from d 1 to 10, 20% from d 10 to 21, and 8% from d 21 to 36 than recommended by NRC (1994). However, the design of the experiments reported herein does not allow reaching any conclusion on the Lys level of the diet that optimizes growth performance in modern broiler strains.
Litter Quality and Moisture Content of the Excreta (Experiments 1 and 2)
The inclusion of HPM in the diet did not alter litter quality or moisture content of the excreta at any age, in spite of the increase in dietary Na from 0.15 to 0.25% as the level of HPM inclusion increased from 0 to 7.5%. In contrast, many reports indicate that litter quality is reduced as the Na content of the diet increased Mushtaq et al., 2005) . In fact, Hooge et al. (1999) reported that an increase in dietary Na from 0.22 to 0.36% increased water intake by 37%, water ex- Table 6� Effect of inclusion of hydrolyzed porcine mucosa sprayed into soybean meal (HPM) and Lys content of the diet on litter quality (experiment 1) and excreta moisture content (experiment 2) cretion by 27%, and litter moisture by 22% in 14-d-old broilers. However, Maiorka et al. (2004) did not observe any negative effect on litter quality when up to 0.40% Na was included in the diet of broilers from 1 to 7 d of age. Moreover, Oviedo-Rondón et al. (2001) reported that from 1 to 21 d of age, broilers require 0.28% Na for optimum growth performance, a value that was higher than those used in the current research. The data reported herein suggested that other management and dietary factors might alter the response of broilers to high levels of Na in the feed. The S content of the diets increased from 0.27 to 0.39% as the level of HPM increased. In pigs, Paterson et al. (1979) observed that water consumption increased and feces consistency decreased as the level of sulfate of the drinking water increased from 0.03 to 0.33%. However, Hooge et al. (1999) reported that the inclusion of 0.4% Na sulfate in the diet had no effects on water intake or water excretion in 14-d-old broilers, consistent with the results reported herein.
TTAR of Nutrients and Intestinal Histomorphology (Experiment 2)
The inclusion of HPM in the diet was expected to enhance nutrient digestibility and intestinal mucosa morphology in broilers because most AA in HPM are present as free AA or small peptides (Gilbert et al., 2008) . However, HPM inclusion did not affect the retention of any of the nutrients studied. The authors have not found any research on the potential benefits of free AA or small peptides from HPM compared with intact proteins, on nutrient digestibility in broilers to compare with the results reported herein. In young pigs, Ao et al. (2010) observed that the inclusion of 5% hydrolyzed SBM at the expense of regular SBM improved ileal digestibility of CP, Met, and Val. Also, Feng et al. (2007) reported higher TTAR of CP and GE in piglets fed fermented SBM than in piglets fed regular SBM. However, Cervantes-Pahm and Stein (2010) observed that the ileal digestibility of most AA were similar for regular SBM than for a fermented SBM with a high proportion of small peptides. Moreover, Sulabo et al. (2013) reported lower ileal digestibility of most indispensable AA, including Lys, Met, and Thr, in pigs fed HPM than in pigs fed conventional SBM. The reason for the discrepancies among authors in respect to the digestibility of hydrolyzed protein sources compared with intact animal or vegetable protein sources are not known but might be related to the conditions applied during the hydrolysis of the original protein source and the chemical characteristics of the final product used, as Table 7� Effect of inclusion of hydrolyzed porcine mucosa sprayed into soybean meal (HPM) and Lys content of the diet on growth performance of broilers from 1 to 37 d of age (experiment 2; battery cage study) well as the age and the target species considered (fish vs. poultry vs. swine). In the current research, HPM inclusion did not affect jejunum or ileum mucosal histomorphology of broilers, including VH, CD, and VH to CD ratio. The authors have not found any research on the effects of HPM on the structure of the intestinal mucosa in poultry. In pigs, Borda et al. (2005) reported that the inclusion of 5% HPM in the diet in substitution of spray-dried porcine plasma or fermented SBM, increased the VH of the ileum measured 15 d after weaning. In contrast, VenteSpreeuwenberg et al. (2004) found that the substitution of wheat gluten by hydrolyzed wheat gluten, or of regular SBM by fermented SBM, did not affect VH and CD of the small intestine in weanling pigs. Similarly, Corassa et al. (2007) reported that the substitution of 5% spray-dried blood plasma by HPM did not affect villus morphology of the small intestine of young pigs, consistent with the data reported herein.
Lysine content of the diet had little effect on intestinal mucosa morphology of the birds. In fact, the only difference observed was for jejunum CD that tended to be deeper in broilers fed 1.23% Lys than in broilers fed 1.38% Lys. These results agree in part with data of Franco et al. (2006) who reported deeper CD in the duodenum and jejunum and higher VH in the duodenum of 21-d-old broilers fed 1.14% Lys than in broilers fed 1.27% Lys. Moreover, Vaezi et al. (2011) reported deeper CD but higher VH in the ileum of 14-dold broilers fed 1.4% Lys than in broilers fed 1.2% Lys. The reason for the discrepancy observed among authors with respect to the effects of dietary Lys on villus morphology is not known. In the current research, all the experimental diets had similar CP content and the levels of Lys used were above NRC (1994) requirements. Therefore, the effects of an increase in Lys content on intestinal histomorphology were expected to be small.
The data presented indicate that broilers responded to the inclusion of HPM in the diet with improvements in growth performance, with most of the benefits observed at younger ages. However, HPM inclusion did not affect nutrient retention or villus morphology of the small intestine, and therefore, the reasons for the improvement in growth performance observed remain to be identified. The most efficient level of HPM in the diet was within the 2.5 to 5.0% range, irrespective of dietary Lys level. Also, broiler performance was improved when the level of Lys increased from 1.23 to 1.38%, but the beneficial effects tended to be less pronounced with age. 
